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ABSTRACT
Two communities of small mammals were live trapped every other week for
15 months in linear oldfield habitat bordered by forested swampland in
eastern Virginia. All nine species of the rodent community were present,
mostly in low numbers and often intermittently. All species were
characterized by high transiency, with a minority of marked animals
becoming resident. Despite high trappability, all but two species in these
communities had extremely low densities, suggesting that most species could
not sustain populations via in situ reproduction.
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INTRODUCTION
Populations of small mammals usually are studied only at locations where favorable
habitat makes the production of moderate-to-high densities a probability in most years,
yielding many observations for the amount of expended field work and making
statistical testing possible. Similarly, communities of small mammals are studied in the
primary habitat of that group, such as grassland, forest, or desert. When a linear
habitat of one type passes through a matrix of another habitat type, such as when a
powerline, with its open habitat beneath, passes through a forest, the possibilities of a
broader, more speciose community of small mammals can be realized.
We studied two locations in the Dismal Swamp of eastern Virginia, with the goal
of conducting a population study of the Dismal Swamp subspecies of Synaptomys
cooperi helaletes, the southern bog lemming. Earlier field studies using pitfall traps
(Rose 1981) had revealed its presence, after speculation by several investigators
(Handley 1979, Meanley 1973, Taylor 1974), that this arvicoline rodent might be
extinct because it had not been found since the U. S. Biological Surveys conducted in
the Dismal Swamp in the 1890s (Merriam 1896).
The objectives of our study were to:
1. conduct a population study of the southern bog lemming,
2. describe the dynamics of small mammal communities in two clearings of the
Dismal Swamp, a forested swampland, and
3. evaluate the spatial distributions of small mammals based on the vegetational
structure of the habitat.
METHODS
Our study was conducted in the 40 m wide opening under a 110 kv powerline in the
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northwest comer of the Great Dismal Swamp National Wildlife Refuge, where the first
th
specimens of Synaptomys cooperi were collected in the 20 Century (Rose 1981 ). The
vegetation under the powerline is maintained at an early successional stage by 3-5 y
mowings by Dominion Virginia Power. One study grid was placed in an area
dominated by American cane (Arundinaria gigantea), the other in an area with a thick
herbaceous layer of panic grasses (Panicum spp.) and soft rushes (Juncus spp.). Both
grids had numerous scattered seedlings and saplings of red maple (Acer rubrum ), sweet
gum (Liquidambar styraciflua) and loblolly pine (Pinus taeda).
Our 15 mo of trapping began in December and ended in February of the second
year. Grid 1 was 6 X 14 and Grid 2, located 300 m to the east, was 6 X 15. One Fitch
live trap (Rose 1973) baited with wildbird seed and sunflower seed was placed at 7 .6
m intervals at the coordinates on the grids. We checked traps for three mornings every
two weeks and newly caught small mammals were given uniquely numbered ear tags.
Standard information on reproductive condition, body mass, and location was collected
for all animals in the manner of Krebs et al. (1969). We released all animals at the
point of capture, except for shrews, which usually died in the traps; some rodents (ca.
5-8) were removed from traps and killed by predators. There was no other trap-induced
mortality. Trappability, the proportion of animals captured during a given month
known to be alive in that month, was high (>75%), indicating that populations were
being adequately censused (Hilborn et al. 1976). Despite high trappability, more than
half of tagged rodents were not recaptured, i.e., they were transients. So few were
recaptured multiple times that we defined residents as any animal caught in a later
trapping period. In the calculation of home range, we used the inclusive boundary strip
method of Stickel ( 1954), which adds a strip equal to one-half of the inter-trap interval
to the smallest area enclosing stations of capture. Thus, the trappable area of Grid 1
was 0.38 ha and that of Grid 2 was 0.40 ha, values that also will be used in the
calculation of density.
Because small mammals are known to respond to the structural habitat produced
by a variety of micro habitat variables (M' Closkey 197 6, Dueser and Shugart 1978), we
measured a set of habitat variables on each grid. We sampled the vegetation of both
grids at the end of the growing season in September, using a point-intercept method
(Muller-Dombois and Ellenberg 1974) with a modified point-frequency frame. Our
sampling frame consisted of a 2.1 m long pole attached to a tripod at the center point,
with holes placed at 25 cm intervals. We centered the tripod over the trap station and
then dropped eight steel rods marked at 10 cm intervals through the holes. We
recorded the highest point of contact on each rod for both woody and herbaceous
species. We also recorded the number of stem contacts per each 10 cm interval for the
rods located 50 cm from the center point. The frame was then rotated 90° and the
process repeated. We used this sampling method because the characteristics of each
trapping station rather than the generalized structure of the vegetation of the entire grid
could be measured.
Using these and other measurements (Table 1), we recorded 12 non-redundant
habitat variables for each of the 17 4 trapping stations. We selected these variables
because they provided vegetative information either known or believed to influence
distributions of small mammals (e.g., M'Closkey 1976, Dueser and Shugart 1978).
Discriminant function analysis (DFA) of the 12 habitat variables, computed with the
discriminant procedures of SPSS (Nie et al. 197 5), was used to describe microhabitat
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TABLE 1. The 12 habitat variables used for the analysis of habitat structure; the first five were measured
or estimated, the remainder determined from vegetation contacts on points of a sampling frame
MNEMONIC

VARIABLE

ASSESSMENT

AVVH

Average vegetation
height

Estimation of vegetative height in a 1-m radius at the
trap

MAXVH

Maximum vegetation
height

Estimation of tallest vegetation in a 1-m radius of the
trap

HTV

Height of tallest
vegetation

Estimation of tallest vegetation in a 2-m radius of the
trap

LIT

Litter depth

Average depth of litter within a 1-m radius of the trap

AVF

Average distance to
forest edge

Distance from trap to forest edge

STD1

Stem density, first
interval

Number of vegetative contacts between O and 20 cm
from ground surface on the steel rods located 50 cm
from the center point of the tripod

STD2

Stem density, second
interval

Same as STDl, but 21-40 cm from ground surface

STD3

Stem density, third
interval

Same as STD 1, but 41-60 cm from ground surface

STD4

Stem density, fourth
interval

Same as STDl, but 61-80 cm from ground surface

STD5

Stem density, fifth
interval

Same as STD 1, but 81-100 cm from ground surface

PCW

Percent woody
vegetation

% of steel rods of sampling frame with woody
contacts

PCH

Percent herbaceous
vegetation

Percent herbaceous vegetation

differences in the 10 species of small mammals that were trapped. The mark-recapture
data were analyzed using programs developed by Krebs (1999), which determined
Minimum Number known to be Alive (MNA), an estimate of population density for
each species. Chi-square tests and correlation analysis were used, also with SPSS.
RESULTS
The small mammal community and population density:
With only two southern bog lemmings being tagged on Grid 1 and 11 others on
Grid 2 (Fig. 1), a population study of Synaptomys cooperi was not possible.
Furthermore, lemmings were only present for two months on Grid 1 and for five
consecutive months at the end of the study on Grid 2. The highest calculated density
on Grid 1 was 5/ha and on Grid 2 ca. 18-20/ha. Relatively little information on
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TABLE 2. Number of individuals [number of captures] for each species from Grids 1 and 2 (total
number of trap nights) in the Great Dismal Swamp National Wildlife Refuge, Suffolk, Virginia.
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Grid 1 (5964)
Individuals
[captures]

Grid 2 (6390)
Individuals
[captures]

Total individuals

Eastern harvest
mouse

14 [24]

57 [89]

71

Golden mouse

10 [20]

12 [47]

22

White-footed mouse

9 [30]

5 [5]

14

Southern bog
lemming

2 [2]

11 [23]

13

Meadow vole

0 [OJ

13 [29]

13

Short-tailed shrew

7 [7]

7 [7]

14

Woodland vole

3 [6]

0 [OJ

3

House mouse

0 [OJ

2 [4]

2

Hispid cotton rat

0 [OJ

2 [4]

2

Marsh rice rat

1 [7]

0 [OJ

1

Total individuals

46 [96]

109 [208]

155 [304]

Captures/individual

2.09

1.91

1.96

Total species

7

8

10

Small mammal

MONTH

FIGURE 1. Minimum number known alive (MNA) estimates of 10 species caught by live trapping on two
grids in the openings under a powerline in the Great Dismal Swamp National Wildlife Refuge, Virginia.
The 15 mo of trapping began in December.

reproduction, residency patterns, movements or home range could be gleaned from so
few observations.
In all, 155 different small mammals of 10 species were trapped during 12,354 trap
nights over the 15-mo study (Table 2). Grid 1 yielded seven species and Grid 2 eight
species but only five species were common to both grids. The nine rodents represent
the entire small rodent fauna of eastern Virginia. Only one shrew, the short-tailed

shrew (Blarina spp. ), was detected; the other three shrews in the region are rarely taken
in live traps (Rose 2005).
Despite high trappability, our catch rate of2.44 per 100 trap-nights, where one trapnight equals one trap in place for one night, was exceedingly low, ca. equal to two
animals per grid per day. Further, catch rate and density were even lower in the first
winter. (In eastern Virginia, winter usually is the period of highest densities of small
mammals [Green and Rose, 2009; ongoing field studies].) In the first February (Fig.
1), Grid 1 yielded only one golden mouse ( Ochrotomys nuttalli [Harlan]) and Grid 2
one each golden mouse and eastern harvest mouse (Reithrodontomys humulis
[Audubon and Bachman]). March results were similar, and in April, a third species,
represented by one meadow vole (Microtus pennsyvanicus [Ord]), was added. By May
and June, other species and greater numbers were observed, but densities did not
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increase substantially until July.
The MNA density estimates were low for all species, except for eastern harvest
mice, 20 of which were known alive in November on Grid 2 (Fig. 1), for a peak
calculated density of 50/ha. Grid 2, which was dominated to a greater extent by
herbaceous vegetation than Grid 1, yielded more than twice the total number of small
mammals (Table 2) but only one more species, despite having only 7% more trap nights
because of its slightly larger size. Only golden mice and eastern harvest mice were
trapped in relatively high numbers on both grids, together comprising 46 and 63 percent
of total individuals on Grids 1 and 2, respectively.
Capture information was of interest for three reasons: to determine when each
species was present during the 15 mo of study, to detect transiency/residency patterns,
and to evaluate the relationship of capture points to vegetation type and structure.
Some species were persistent on the grids, but others were not (Fig. 1). Golden mice,
meadow voles, and eastern harvest mice were trapped early and regularly throughout
the study, but not always on both grids (Fig. 1). Harvest mice were present nearly
every month on Grid 2 but absent on Grid 1 for the first 10 months. Similarly, although
persistent on Grid 2, meadow voles were never present on Grid 1. Three woodland
voles (Microtus pinetorum [LeConte]) were caught during months 14 and 15 on Grid
1. Two southern bog lemmings were captured during months 6 and 7 on Grid 1 but on
Grid 2, 11 were caught, all in the last five months of study. Short-tailed shrews were
caught in months 11-13 on Grid 1, and months 1, 13 and 14 on Grid 2. One marsh rice
rat ( Oryzomys palustris [Harlan]) was caught seven times during the first two months
on Grid 1 and one house mouse (Mus musculus Linnaeus) was caught in month 2 and
another in month 12 on Grid 2. White-footed mice (Peromyscus leucopus
[Rafinesque]) were caught in months 1, 2, 14, and 15 on Grid 1 and in months 1, 6, 8,
and 12 on Grid 2. Two hispid cotton rats (Sigmodon hispidus Say and Ord) were
caught in months 12 and 13 on Grid 2. Thus, several species were present
intermittently and almost always in low numbers. No mammal tagged on one grid was
ever caught on the other grid.
Reproductive patterns:

The level of reproduction was assessed by dividing the year into seasons: winter
(Dec. -Feb.), spring (Mar. -May), summer (Jun. -Aug.) and autumn (Sep. -Nov.).
The duration of the breeding season can be determined only for persistently present
species, the others providing only anecdotal evidence. Eastern harvest mice had high
levels of breeding in summer and autumn, and even some in winter (Table 3). The
breeding seasons of the other common species are more difficult to assess but golden
mice probably bred at a higher level than white-footed mice or meadow voles. From
spring onward, every adult female golden mouse was judged to be breeding. Across
the study for the four common rodents, 3 5 of 61 ( 57%) of adult females were breeding
(using the criteria of medium-large nipples and slightly-open-to-open pubic symphyses)
and 80-95 % of males were judged to be reproductive, using the criterion of descended
(scrotal) testes (McCravy and Rose 1992).
Residency patterns and dispersal:
If captured in at least two trapping periods that individual was counted as a resident.

For eastern harvest mice, only 24 of 71 (34%) of tagged animals were residents. The
values for golden mice (50% ), meadow voles (46%) and southern bog lemmings (30%)
also indicated that less than half of animals were present as residents in this
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TABLE 3. Percentages of reproductive females each season for combined grids. Sample sizes are in
parentheses, and"--" means no adult females caught in that season. The problems of small sample sizes are
evident in low-density populations.

Species

winter

spring

summer

autumn

winter

Harvest mouse

33 (6)

0 (3)

100 (7)

88 (17)

13 (8)

Golden mouse

0 (2)

100 (1)

100 (4)

100 (3)

100 (1)

White-footed
mouse

0 (3)

--

--

--

0 (2)

Meadow vole

--

--

0 (1)

0 (1)

50 (2)

TABLE 4. For the five common rodents, the numbers of male and female transients for Grids 1 and 2.
The numbers in parentheses are the total number of tagged animals and ¾N is the percentage of those
animals caught in only one trapping period(= transients).

\"
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I

ti
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Grid 1 transients
Species

Grid 2 transients

Male

Female

%N

Male

Female

%N

Eastern harvest
mouse

4

8

86
(14)

18

18

63
(57)

Golden mouse

7

1

80
(10)

4

10

33
(12)

White-footed mouse

1

2

100
(2)

4

1

0 (5)

Southern bog
lemming

1

0

100
(2)

6

2

73
(11)

5

2

54
(13)

37

23

61
(98)

Meadow voles
Totals

13

11

69
(35)

community. (See Table 2 for sample sizes.)
The powerline right-of-way in which the grids were located provided a corridor of
suitable habitat for dispersing animals, except perhaps for the forest-dwelling arboreal
species. Dispersal was examined by determining the percentage of transients and the
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timing of their movements. A transient was defined as an animal caught in only one
trapping period. The proportion of transients for the five most numerous rodents was
69% on Grid 1 and 61 % on Grid 2 (Table 4). Of these, harvest mice, golden mice and
southern bog lemmings all had higher proportions of transients on Grid 1 than on Grid
2, whereas only white-footed mice showed the opposite pattern. (Meadow voles were
absent on Grid 1.) These movements were not significantly (X2 = 3.05, n.s.) greater
among males (n = 50) than females (n = 34); 54% of transients were male on Grid 1
and 62% on Grid 2. Combined grid data show 58% of male and 50% of female
transients were in reproductive condition. Of the 12 juveniles in this study, seven were
transients, making these movements ofjuveniles similar to that of the entire population.
Of the 84 transients, 68 (81 %) were observed between September and February; these
months correspond with periods of highest densities in these low-density populations.
Home range:
The analysis of home range, the area an individual uses during its daily activities,
requires multiple captures; only 20 animals of four rodent species were trapped five or
more times, enabling a calculation of home range. Eastern harvest mice had home
ranges of0.08 ha (n = 2; Grid 1) and 0.09 ha (n = 4; Grid 2), whereas golden mice had
home ranges of0.23 ha (n = l; Grid 1) and 0.12 ha (n = 4; Grid 2). The home ranges
for other species (n = 1- 4) were from only one grid: white-footed mice, 0.06 ha; marsh
rice rat, 0.14 ha; southern bog lemming, 0.10 ha, and meadow vole, 0.13 ha. Thus,
residents of the different species with 2: 5 captures used similarly small areas.
Analysis of vegetation:
Of the 61 plant species on Grid 1, seven dominants accounted for 80% of 1,867
plant contacts, 57% of them woody contacts. Most woody contacts were attributable
to American cane, whereas other grasses, especially Uniola sessiliflora, sedges of the
genus Carex and goldenrods (Solidago spp.) contributed greatly to the herbaceous
vegetation.
On Grid 2, seven of the 33 plant species accounted for 89% of the 1,459 plant
contacts. On this grid, the herbaceous component accounted for 87% of contacts and
American cane for most of the woody contacts. The common herbaceous plants,
different from those of Grid 1, included panic grasses (Panicum virgatum ), soft rushes
(Juncus effuses, J. tenuis ), cinnamon fem (Osmunda cinnamomea), wool grass (Scirpus
cyperinus), square-pod water primrose (Ludwigia alterniflora) and St. John's wort
(Hypericum virginicum ). Thus, the composition of the vegetation differed between the
grids, with woody plants contributing 57% of contacts on Grid 1 but only 13 % on Grid
2. The dominant herbaceous vegetation also differed between the grids, with only
Panicum spp. on both lists in >2% amounts. However, even the differences in panic
grasses were striking, constituting 2-3% of herbaceous contacts on Grid 1 but> 52%
of herbaceous contacts on Grid 2.
Correlations were run on each of the 12 habitat variables (see Table 1) to analyze
the degree of correlation between each of the possible pairs. Most of the pairs had
relatively low values (r < 0.5 for 123 of the 132 correlations) and therefore show a nonredundancy of information.
Two significant (P < 0.05) discriminant functions (DF) were produced for each grid.
For Grid 1, DFl contributed 37% of the discrimination information and DF2 another
36%, explaining 73 percent of the variation. For Grid 2, DFl contributed 70 percent
and DF2 16 percent to explaining the variation.
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The discriminant functions are interpreted ecologically by analysis of correlations
between the habitat variables and each discriminating function. The more strongly a
variable is associated with a particular function, the greater its contribution to that DF.
For Grid 1, the variables (Table 1) most strongly (and significantly) correlated with
DFl were A VF (r = 0.60), STD3 (r = 0.35), PCW (r = -0.33), PCH (r = 0.32) and
A VVH (r =-0.30). This discriminant function describes a gradient from a less dense
woody forest edge to a more densely herbaceous area away from the forest. DF2 was
most strongly correlated with LIT (r = -0.33) and STD3 (r = 0.30). Structurally this is
a gradient from an area with a high amount of litter and low stem density from 41-60
cm (such as is seen along a forest edge) to one with little litter and many stem contacts
at that level (as would be expected in an open grassy area).
On Grid 2, DFl was most strongly correlated with AVF (r = 0.78), but other
significant variables included PCH (r= 0.54), HTV (r =-0.50), PCW (r= -0.48), STD1
(r = 0.46) and MAXVH (r = -0.43). Structurally DFl describes a gradient similar to
that of Grid 1, from a woody forest edge to a more open grassy area. The four habitat
variables most strongly associated with DF2 were STD2 (r = 0.70), STD5 (r= -0.45),
A VF (r =-0.36) and STD4 (r = -0.35). DF2 represents a gradient from a forested edge
to a dense lower layer and sparse upper layer toward a more open area with sparse
lower and dense upper layers.
Species centroids were calculated by using the grand mean and standard deviation
to determine if the species were high, low, or intermediate for the variable. Species
were then placed on the DF axis based on the location of the centroid of each species
(Figs. 2 and 3). The white-footed mouse was present in those areas of both grids with
low PCH and AVF and high PCW (Figs. 2 and 3), as would be expected for a forestdwelling arboreal species. The golden mouse, a semi-arboreal species, was below
average for A VF and PCH and above average for PCW on both grids, conforming to
its usual association along a forest edge. By contrast, the eastern harvest mouse on
both grids had above average values for A VF and PCH and below average values for
PCW, indicating its use of the central parts of the grids, away from the forest edge and
its woody vegetation and in areas with amounts of herbaceous vegetation. The
meadow vole showed similar associations with herbaceous vegetation, especially at
levels that provide cover as well as food. The southern bog lemming had intermediate
values for all habitat variables on Grid 1, but on Grid 2, where the species was more
numerous, low PCH and high PCW indicated an association with patches of American
cane.
DISCUSSION
The small mammal community and population density:
Most species of small mammals in these communities were characterized by low
population densities, except for eastern harvest mice and golden mice. One possible
explanation for the low densities of some species is that the mammals were not sampled
effectively. However, in a study of grassland small mammals in eastern Kansas, Fitch
traps of the type used in our study were comparable or superior to Sherman live traps
(in side-by-side comparisons) in their effectiveness (Rose et al. 1977). In that study,
the trap types were equally effective for southern bog lemmings (112 for Fitch, 94 for
Sherman) but twice as many white-footed mice were taken with Fitch traps, and for
harvest mice the totals were 705 vs 118. With high trappability (>75%), we are

178

RODENT COMMUNITIES IN VIRGINIA

VIRGINIA JOURNAL OF SCIENCE
A White-footed mouse
b. Eastern harvest mouse

1111.

•

+

0

Gold en mouse
0 Short-tailed shrew

DF 1

I

-1.5

DFl

1.0 •

•I

-1.0

A White-footed mouse
/\ Eastern harvest mouse
• Golden mouse
0 Short-tailed shrew

Southern bog lemm ing
Mars h ric::e rat
Woodland vole

-0.5

0

,...
0

I•

0.5

14

~
1.0

-1.5

1.5

3--------------------...,

-1.5

-1 .0

STEM DENSITY 3

-0.5

10
0

I• o

0.5

I • ...

1.0

0

Meadow vole

I!\

~

..0.5

0

~

0.5

1.0

.c

1.5

HEIGHT OF TALLEST VEGETATION
PERCENT WOODY
MAXIMUM VEGETATION HEIGHT

DF2
Alb.

<

+-------------------

PERCENT WOODY

AVERAGE VEGETATION HEIGHT

l

I

-1.0

Southern bog lemming
Hispid cotton rat
ft House mouse

Iii.,

AVERAGE DISTANCE T O FORESi' I I - - - - - - - - - - - - - - - - +
STEM
DENSITY
J____
____-....
__..,
PERCENT
HERBACEOUS,-_
-_
-_
-_
-_
-_
-_
-_
-_
-_
--

AVERAGE DlSTANCETOFORES,.__ _ _ _ _ _ _ _ _ _ _ _ _ __.,
PERCENTHE.RBACEOus - - - - - - - - - - - - - - - - -....

STEM DENSITY

t

179

I

DF2

•1.5

b

-1.0

... ,
-0.5

0

6 1+
0

<Of

0.5

I•

1.0

1.S

1.5

DEPTH TO LITTER

FIGURE 2. Primary variables and the location of small mammal species on each discriminant axis from
Grid 1. The variable increases in value in the direction of the arrow. DF 1 explained 37% and DF 2 36%
of the variation.

confident that the observed low densities in the Dismal Swamp habitat are real.
The low numbers and long absences of southern bog lemmings on the grids were
puzzling. Before establishing our study grids we had detected their presence by their
unique green feces (Linzey 1983) and associated piles of cuttings. So we knew they
were present. Lemmings apparently strip and eat the green covering of soft rushes
(Juncus), leaving behind spaghetti-like strands of white pith near their green fecal
pellets. Lemmings were reluctant to enter traps until the last winter, a behavior also
observed by Connor (1959) in the swamps of the New Jersey Pine Barrens; he caught
only 38 in live traps during his 4-y field study using Sherman traps.
Of the 10 species of small mammals recorded during the study, golden mice (n =
22) were relatively numerous but only eastern harvest mice (n = 71) could be
considered abundant, especially on Grid 2. Even this species was absent on Grid 1 for
the first 10 months (Fig. 1). The last four species in Table 2 had three or fewer
individuals, hardly representing established populations. Four other species, with 10-14
individuals, were present: only on one grid (meadow vole), for a short period on one
or both grids (southern bog lemming and short-tailed shrew) or intermittently (whitefooted mouse; Fig. 1).

'['

~.

STEM DENSITY 2

;:===---------------

STEM DENSITY 5

AVERAGE DISTANCE TO FOREST

STEM DENSITY 4

FIGURE 3. Primary variables and the location of small mammal species on each discriminant axis from
Grid 2. The variable increases in value in the direction of the arrow. DF 1 explained 70% and DF 2 16%
of the variation.

In any month, the population density of any species usually was low (Fig. 1). For
the species with 10-14 individuals, only once or twice was the monthly density > 15/ha.
The golden mouse, the most persistent on both grids, had highest densities of ca. 12/ha
on Grid 1 and 18/ha on Grid 2. These densities for golden mice are higher than those
reported in the majority of population studies for this species (review: Rose, 2008). In
the two longest population studies of the golden mouse, Linzey ( 1968) reported a high
density of 1.5/ha in one year and 0.2/ha the next in Tennessee, and McCarley (1958)
recorded highest densities of 4.72/ha in the first year and 6.24/ha in the second, in
Texas. Densities similar to ours were reported, all in Tennessee, by Kitchings and
Levy (1981) of 12/ha in summer and 15/ha in autumn and by Seagle, who found
17.2/ha in one summer (1985a) and 18.8/ha in another summer (1985b).
On Grid 2, the eastern harvest mice achieved a high density of ca. 45/ha, similar to
the 44.5/ha in an oldfield study (Cawthorn and Rose 1989), also conducted in eastern
Virginia. Dunaway (1968), who trapped a 4-ha oldfield near Oak Ridge, Tennessee,
reported maximum densities of < 5/ha. Although moderate densities of the semiarboreal golden mice (reviewed above) and white-footed mice (e.g., Batzli 1977,
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among others) were observed during the first half of the study, most species had
relatively low densities during this period. This was a time of drought, which may have
allowed some species, especially eastern harvest mice and golden mice, to become
established in a place they normally would not occupy, and when the normal rains
returned in summer, these species responded by increasing density during the autumn.
Densities tended to be higher in the latter half of the study, most noticeably for eastern
harvest mice and southern bog lemmings on Grid 2.
Reproductive patterns:
The low densities and absence of juvenile animals indicated a lack of recruitment
via either reproduction or immigration early in the study. However, by mid-summer,
evidence of increased reproduction was seen both in reproductive indices and in the
greater recruitment of juveniles and immigrants. For the five most common rodents,
the level of breeding across the study was typical of these species: 57% for females and
80-95% for males. Descended testes are a useful indicator offertility in males, as are
medium-large nipples and separated pubic symphyses in females (McCravy and Rose
1992). Thus, although the densities in this community were low, the level of breeding
probably was typical of other populations of each species in the region (e.g., Bergstrom
and Rose 2004, Cawthorn and Rose 1989, Green and Rose 2009, Rose et al. 1990, Rose
and Mitchell, 1990), but few juveniles entered the trappable population.
Residency patterns and dispersal:
Despite frequent trapping and high trappability, the majority of animals tagged in
our study were never seen after the trapping period in which each was first captured.
For the five most common rodents (Table 4), less than half of tagged animals were
residents on Grid 1 (38%) and Grid 2 (46%), despite the liberal definition we used for
residency. Many investigators require three months as the minimum period for
animals to qualify as residents (e.g., Dueser et al. 1981, Rose and Kratimenos 2006),
but our definition used only two trapping periods, or one month. Thus, all species in
this community showed minimal evidence of settlement.
Home range:
The home ranges of the few animals whose areas could be calculated were small,
mostly ca. 0.10 ha. The home ranges of the eastern harvest mouse (0.08, 0.09 ha for
Grids 1 and 2) were similar to those of Cawthorn and Rose (1989), also using a
minimum of five captures: 0.09 ha for males and 0.11 ha for females. The home
ranges of the golden mouse (0.23 and 0.12 ha) were in the range of those observed by
Dunaway (1955: 0.11 ha), Redman and Sealander (1958: 0.13 ha) and Linzey (1968:
0.25 ha), but smaller than those ofMcCarley (1958: 0.58 ha), Blus (1966: 0.57 ha) and
Faust et al. (1971: 0.66 ha). Although we were able to calculate home range estimates
for four species, we cannot claim these values to be representative because of small
sample sizes (n = 1-4) and of few animals having more than the minimum of five
observations. Home range estimates increase linearly with the number of observations
(e.g., Linzey, 1968), so our values can be interpreted as minimal values.
Analysis of vegetation:
DF A describes the average microhabitat configuration for a given species and
determines which variables are important for developing that configuration (Dueser and
Shugart 1979). DF A has been used in a number of studies to analyze how species
separate themselves in space, each using structurally distinctive microhabitats (e.g.,
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Dueser and Shugart 1978). When the values for the species' centroids were plotted
along an axis with the significant variables associated with each DF (Figs. 2 and 3),
interpretable microhabitat features were observed. For example, the arboreal whitefooted and golden mice had low values for percent herbaceous and high values for
both percent woody and vegetation height (Figs. 2 and 3), whereas the grassland
species (eastern harvest mice and meadow voles) showed strong associations with low
percent woody contacts and high values for percent herbaceous vegetation. Species
known to have broader habitat tolerances, such as short-tailed shrews and southern bog
lemmings, showed less interpretable placement along the axes. In brief, the results of
our vegetation analyses were consistent with what is known about the kinds of
microhabitats associated with each species.
General discussion:
Low-density populations face several problems, including high extinction rates
from stochastic events (Smith et al. 1978). The irregular or intermittent presence of
low numbers of southern bog lemming and short-tailed shrew may be interpreted as the
disappearance of tiny populations, resulting in local extinctions. Woodland vole,
marsh rice rat, house mouse, and hispid cotton rat were only briefly present, never
really establishing viable populations, and part of communities in which 69% and 61 %
(on Grids 1 and 2, respectively) of individuals were tagged but never seen again.
Migration and perhaps mortality rates were high in this study. Age distributions were
unstable, for despite frequent trapping only 12 of 155 animals were judged to be
juveniles. This low proportion also suggests a relatively low level of recruitment of
young animals, if not also of successful reproduction. Thus, the predictions of Smith
et al. (1978) relating to low-density populations, namely of high extinction rates, high
(gross) mortality, low recruitment of juveniles, and unstable age distributions, were
observed.
The mere presence of a species does not support the claim of habitat suitability.
The one or two woodland voles, marsh rice rats, house mice, and hispid cotton rats
likely were transients, merely passing through our grids, sometimes pausing for a
second month, as in the case of the one marsh rice rat caught seven times on Grid 1.
Other species, such as southern bog lemmings and short-tailed shrews, seemed to
establish populations on one or both grids, but for variable lengths of time. Only
eastern harvest mice, golden mice, and perhaps meadow voles established what could
be considered persistent populations on one or both grids, but even they, except
probably for harvest mice, would be subject to stochastic events and thus prone to local
extinctions.
In conclusion, the small mammal communities on our two grids included all the
common small rodents and the one trappable shrew in eastern Virginia, but most
species were represented by few individuals, were not always present on both grids,
and all species exhibited a high degree of transiency. Four species were represented
by one or two individuals and showed no evidence of settlement. Three rodents and
the shrew were present as low-density populations, whereas only golden mice and
eastern harvest mice had modest-to-high densities, indicating potentially permanent
populations. Yet even these latter two species showed high proportions of transients,
which was puzzling, and were mostly adult animals, neither of which is representative
of self-sustaining populations.
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